ABSTRACT.
The The MEL cell line, TSA8, established by Shibuya and Mak from anemia-inducing Friend virus complex-infected spleen cells (14) can be induced to commit to CFU-E-like cells by addition of DMSO in vitro (6, 10, 12, 13) . This in vitro system appears suitable for studying how progenitor cells acquire their ability to respond to erythropoietin and how erythropoietin acts on the erythroid progenitor cells in the in vitro culture. The commitment process of TSA8 cells is somewhat different from that of MEL cell lines established from polycythemia-inducing Friend virus-infected spleen cells (5) . We demonstrated that the presence of receptors for erythropoietin may be required, but are not essential, to acquire the responsiveness to erythropoietin (12) . It is also possible to examine the signal transduction process of erythropoietin on the erythroid progenitor cells (6) . In this work, we examined the role of the Na+ /H+ antiporter on the cells to commit to CFU-E-like cells and the progenitor cells to respond to erythropoietin. Fig. 1 . Effect of amiloride on the commitment of TSA8 cells to respond to erythropoietin and on the erythropoietin-induced change of the progenitor cells. a) Effect of amiloride on the commitment of TSA8 cells. TSA8 cells were induced with the addition of DMSO (1%) in the presence of different concentrations of amiloride. After 2 days in culture, the cells were transferred to a semisolid medium containing 0.5 U/ml erythropoietin without amiloride. Two days later, the colonies were stained with benzidine and the percentage of benzidine-positive colonies was estimated. b) Effect of amiloride on the erythrpoietininduced change of progenitor cells. After induction of TSA8 cells with DMSO for 2 days, the cells were transferred to the semisolid medium containing erythropoietin (0.5 U/ml) and various concentrations of amiloride. After 2 days incubation, the colonies were stained and scored.
hibited the differentiation to the same extent as in its continuous presence (column B). On the contrary, its presence during the 0-12 h period after induction caused essentially no inhibition (column C). Thus, the activation of the Na+/H+ antiporter was shown to be strictly time-dependent and well correlated with the acquisition of the erythropoietin responsiveness of TSA8 cells.
Effect of EGTA on the commitment of TSA8 cells and erythropoietin-induced change of the progenitor cells. The effect of EGTA on the commitment of TSA8 cells was examined, since amiloride prevents induced MEL cell differentiation via inhibition of an essential Ca2+ influx, as reported by Bridges et al. (3) . Figure 3a shows a dose-dependent inhibition on the erythropoietin response without a strong effect on colony formation. This inhibition was reversed in the presence of Ca2+ , but not in the presence of Mg2+ or Fe2+ (Table 1) , thus the effect of EGTA is selective to Ca2+ . This result suggests that the effect of amiloride on the commitment is not due solely to the Ca2+ influx.
In contrast to the effect of amiloride, EGTA showed inhibitory actions on the proliferation response, but not on the differentiation response induced by erythropoietin (Fig. 3b) . Thus, the Ca2+ influx may be involved in the erythropoietin action only in terms of the proliferation response.
The time-dependence of the inhibitory action of EGTA on the induction of the commitment of TSA8 cells is shown in Fig. 4 . Prolonged exposure (24 h) of cells to EGTA showed stronger inhibition than short exposure (12 h), but the early time period and the late time period gave the same amount of inhibition.
Effect of protein synthesis inhibitor on the induction of commitment. In a 
DISCUSSION
A novel MEL cell line, TSA8, becomes committed to CFU-E and responsive to erythropoietin only after induction (10, 12) . TSA8 cells are therefore different from previously described MEL cell lines derived from polycythemia-inducing Friend virus-infected spleen cells (5) . However, commitment of the cells to respond to erythropoietin was not due to the newly synthesized receptors for erythropoietin. The number and affinity of the receptors did not change before or after induction (12), and the molecular structure of the receptors analyzed by cross-linking with iodinated erythropoietin also showed no change (unpublished observation). Thus, TSA8 cells require another factor(s) to respond to erythropoietin. In this work, we examined the effects of inhibitors of the Na+ /H+ antiporter, Ca 2+ influx , and protein synthesis on the induction of the commitment of TSA8 cells to CFU-E and the erythropoietin-induced change of the progenitor cells.
Overall, our results in the induction of the commitment of TSA8 cells to CFU-E seem to be similar to the experiments using other MEL cell lines that undergo commitment in the presence of DMSO alone, as reported by Housman's group (8, 9, 15) . However, there are also notable differences from the previous results.
Amiloride and tumor promoters showed inhibitory effects on the commitment of other MEL cell lines (8, 9, 15) . Amiloride was shown to inhibit the commitment of TSA8 cells to CFU-E (Fig. 1a) , but tumor promoters showed no effect on the induction of the commitment of TSA8 cells (12) . Thus, it is not likely that protein kinase C is a transducer of activation of the Na+ /H+ antiporter in the commitment of TSA8 cells, although recent studies suggested that it is a transducer of growth-factor-mediated activation of the Na+ /H+ antiporter (11) . The activating mechanism in TSA8 cells may be explained by other pathways of activation such as a phosphorylation step activated by Ca2+-calmodulin (11). Our results with EGTA suggests that the effect of amirolide is not due solely to the Ca2+ influx as suggested by Bridges et al. (3) .
The activation and/or accumulation of Na+/H+ exchange may be required at the exact time the commitment process occurs in TSA8 cells, because the appearance of the Na+ /F+ exchange is highly correlated with the time course of the cell's response to erythropoietin. The effect of the protein synthesis inhibitors suggests that the protein(s) with a short half-life synthesized at a very early stage of the induction may be required for the cells to commit to CFU-E. The period sensitive to cycloheximide was shown to occur prior to the acquisition of the responsiveness to erythropoietin or to the activation of Nat /fit exchange. Thus, though not directly involved, the protein(s) may be prerequisite for the responsiveness to erythropoietin.
The effects of these inhibitors on the erythropoietin-induced change of the progenitor cells gave different results. Virtually all growth-promoting agents such as serum and growth factors, stimulate an amiloride-sensitive Nat -influx in many quiescent cells (1) . However, we have demonstrated that the Na+ /H+ antiporter was not involved in the erythropoietin-induced differentiation and proliferation of the erythroid progenitor cells (Fig. 2b) . Recently, Calalb et al. (4) reported that interleukin 1 stimulated the Na+ /H+ exchange, but this exchange was not required for differentiation in the pre-B lymphocyte cell line. It is likely that differentiation-inducing factors like erythropoietin do not require the stimulation of the Na+/H+ exchange for the induction of differentiation of the progenitor cells. The involvement of Ca2+ in the proliferation but not in the differentiation of erythroid progenitor cells by erythropoietin was clearly shown (Fig. 3b) .
It is noted that tumor promoters did not show any inhibitory action on the erythropoietin-induced differentiation and proliferation of the erythroid progenitor cells (12) . Thus, protein kinase C may not be important in the erythropoietin action.
Our results suggest that signalling systems of erythropoietin on the progenitor cells clearly differ from those used in the induction of the commitment of MEL cell differentiation. The progenitor cells may have different signalling systems for several growth and differentiation factors, and these signalling systems may be used separately in different environments.
